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. We nd that a linear collider




mode will provide bounds on these couplings which are com-
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Quadrilinear gauge boson couplings are an essential ingredient of the standard
model of electroweak interactions. They occur naturally in any Yang-Mills
theory, where their form is determined by the gauge symmetry of the theory.
On the other hand, in an eective eld theory scenario, quadrilinear vector
boson coupling are usually introduced to parametrize `new physics' eects
such as the exchange of some heavy particles or loop eects of some unied
gauge theory. They can also be introduced in order to guaranty the tree level
unitarity of such an eective theory [1]. In contrast to trilinear vector boson
couplings, which will already be tested directly at LEP II, the quadrilinear
ones will remain unexplored until the next generation of accelerators becomes
operational.
Even existing data is already sensitive to Yang-Mills couplings through loop
eects [2]. The standard model tests performed by the LEP I experiments leave
no much room for dramatic deviations from the standard model. From this
point of view it seems reasonable to restrict oneself to those deviations from the
Yang-Mills form of the couplings which leave intact as much of the standard
model structure as possible. Therefore, in the following, we will only consider
anomalous quartic couplings between massive vector bosons and assume the
trilinear vector boson couplings to take on their standard model form.
There are innitely many operators which can induce non-standard quadri-
linear vector boson couplings. However, we concentrate here on those which
have the lowest dimension and which do not induce non-standard trilinear
couplings at the same time. There are only two such \genuine" quartic oper-


















































































































The corresponding Feynman rules for the two modiedWWWW andWWZZ
vertices and the new ZZZZ vertex are shown in Fig. 1. Note that anomalous
quartic operators involving a photon must have at least dimension six, since
they must contain derivatives of the photon eld in order to conserve electro-
magnetic gauge invariance. We do not consider such operators here.





collisions at a linear collider of the next generation [3]. Several world wide
collaborations (CLIC, DESY, JLC, NLC, TESLA, VLEPP) are currently de-
1
veloping designs for machines capable of colliding electron and positron beams
at a centre of mass energy of 500 GeV with an integrated luminosity of 10 fb.
Colliding electrons with electrons is an important complementary experiment
which can be performed at such a linear collider. Indeed, the currently estab-




scattering is appreciable [4]. Essentially, this
is due to the low level of standard model background and to the possibility of




collisions have been shown to be as












mode provides important additional discriminating power if several anoma-
lous couplings take non-vanishing values at the same time. As we shall show
in the next paragraphs, the same is true for the genuine anomalous quartic
gauge couplings.
We have computed the eect of the new interactions represented by extra









































The process (5) takes place for all three combination of polarization of the
initial electron beams, LL, LR and RR. In contrast, the reaction (4) occurs
only in the LL and LR modes while the reaction (3) can take place solely with
LL polarization. We set the electron mass equal to zero throughout.
The standard model rates for reactions (3{5) are rather low but observable




collisions [6]. As it turns
out, the low values of the standard model cross sections are due to very power-
ful cancellations between dierent diagrams. Considering the large number of
diagrams contributing to each reaction this is a highly non-trivial phenomenon
which is to be traced back to the miraculous properties of a renormalizable
theory. The quartic gauge coupling play in this respect an essential role in
reactions (3, 4).
However, as soon as anomalous couplings are introduced, the cancellations
between diagrams are not as eective and unitarity is spoiled. Even for very




the cross sections for processes (3{5) increase signi-
cantly, the more so at higher energies. In processes (3,4) the genuine anomalous
quartic gauge couplingss modify the diagrams involving the rst and second
vertices of Fig. 1, respectively. In reaction (5) they participate via a new dia-
gram involving the third vertex of Fig. 1.
Our results are shown in Figs 2 and 3 where we have plotted the 95% con-
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) plane. In Eq. (6), n
SM
is the number of events expected for




) is the corre-
sponding observed number of events in the presence of anomalous couplings
and n is the quadratic combination of statistical and systematic error on the














In the following, we take 1% for the relative systematic error . This assump-





collisions. To evaluate the number of events we assume an integrated
luminosity of 10 fb
 1








 :444 ; (8)

ZW
= (1 B(Z ! ) +B(Z !   ))(1 B(W ! `
`
))  :513 ; (9)

ZZ
= (1 B(Z ! ) +B(Z !   ))
2
 :593 ; (10)
(B denotes branching ratios) i.e., we require both gauge bosons to decay with
no missing energy
3
. This way all the events can be fully reconstructed and
correctly identied as belonging to one of the three reactions (3{5), while





















. Since the gauge bosons tend to be emitted rather isotropi-
cally and with small energy, their decay products have a very low probability
to escape detection through the beam pipe. In contrast, the bulk of the events
in processes (4,5) have their primary electrons
4
deected very little from the
beam pipe. Therefore, to ensure that these primary electrons are indeed seen






















i.e. the nal state electrons which do not originate from the decay of a vector
boson.
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of the couplings can
be probed. Therefore the contours reduce to two straight lines and the 95%
condence level is obtained by setting 
2
= 3:84 in Eq. (6) which corresponds
to a one-parameter t. In contrast, the two parameter ts for the processes
(3,4) require 
2
= 6 to reach the same condence level.
For each of the reactions (4,5) we have only displayed in Figs 2 and 3 the
combination of polarizations of the initial beams which give the best limits.
The alternative combinations yield wider contours. It appears that the reac-
tion (4) performed with two left-handed beams yields the tightest bounds on
the anomalous quartic gauge couplings. Doubling the centre of mass energy
from 500 GeV to 1 TeV improves the resolving power of the experiment by
almost a factor ten. At the latter energy, where several thousand events are
expected [6], even further improvements can be obtained from processing also
the information contained in the angular distributions.









mode of a 500 GeV collider [3] is also shown in Fig. 2. Clearly,
stronger limits can be imposed on anomalous quartic gauge couplings when
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Fig. 1. Feynman rules for the three quartic gauge interactions which are modied
























































. The experiments (3{5) are performed at 500 GeV with
10 fb
 1
of accumulated luminosity. The limits which can be obtained under similar




















































Fig. 3. Same as Fig. 2 at 1 TeV.
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